Hedonic point scales are widely used in food preference studies. However, in this type of scale, the symmetrical distribution of categories and inaccuracy of the responses may interfere with the results of the research. is paper proposes the fuzzy nonbalanced hedonic scale (F-NBHS) as a new method for treatments of food preference data collected with hedonic scales of 9 points and can be generalized to scales with a different number of points. Data analysis from F-NBHS aims to improve the limitations presented by a traditional treatment, especially regarding the distribution of numerical values between the categories and the inaccuracy of the responses. e validation of the proposed scale was carried out through a food preference research done within a Portuguese university. A set of 64 foods, divided into 8 food groups, was evaluated by 119 students in two experiments. e frequency and variability of the data were studied according to the categories in different areas of the scale. Findings showed that the structure of the proposed scale is observed in the behavior of experimental data and intermediate areas, which indicated the intensity of perception and variability of different responses from other areas of the scale. e data used with F-NBHS were more satisfactory in relation to standard deviations and consensus index measurements compared with a traditional treatment.
Introduction
One of the most common ways of collecting food preference data is through 9-point hedonic scales. Due to its flexibility and ease of use, this type of scale is widely used [1] [2] [3] [4] [5] [6] . Although hedonic scales are generally treated in a balanced way, that is, with symmetrically distributed linguistic labels, studies show that the psychometric distances between categories are different, and this may alter the results of the research [7] [8] [9] [10] . Other features of the hedonic scales may also interfere with the results of the studies, such as the following: (i) extreme-scale effect: the intermediate points are used less frequently than the extreme points of the scale [5, [10] [11] [12] ; (ii) central tendency effect: the center category is judged by the participants as safe for setting responses [8, 10, 12] ; (iii) imprecision in the judgment of the answers: it implies the tendency to repeat answers [13, 14] ; (iv) the lack of definition of the scale is scalar or ordinal: it affects the way data analysis is performed [5, 11, 15, 16] ; (v) assignment of symmetrically spaced discrete values for each point of the scale: it reduces the mathematical level in the analysis of the data [1, 10, 14, [17] [18] [19] [20] . e limitations of the hedonic scales can be minimized using numerical tools in data processing without changing the way the scale is presented to decision-makers [20] [21] [22] . e balance of the psychometric distances between categories helps to treat the data more accurately. Extreme-scale effects and central tendency effects are reduced by treating the categories of the scale asymmetrically [4, 10, 14] . Fuzzy numbers consider the inaccuracy in the judgment of the answers and provide a mathematical analysis of the data in a more rigorous way, enabling results to be obtained in continuous values that can be directly related to the categories presented to respondents on hedonic scales of points [21] [22] [23] [24] [25] . e objective of this work is to present a new method for analysis and treatments of data collected by means of hedonic points scales. A 9-point fuzzy nonbalanced hedonic scale (F-NBHS) is proposed for the treatment of food preference data. is scale aims to improve the limitations that data of this nature present, especially regarding the symmetrical distribution between categories and the inaccuracy of responses. Quantitative and qualitative methods were used to determine the numerical values attributed to the linguistic variables in a 9-point F-NBHS.
is work defines equations to use the proposed treatment method in scales with different amounts of points. e validation of the proposed scale was determined through a food preference survey conducted in a Portuguese university. A set of 64 foods, divided into 8 food groups, was evaluated by 119 students through two experiments. e frequency and variability of the data were studied according to the categories in different areas of the scale. e treatment of the data performed with the proposed scale is compared with a traditional treatment. It is judged in this work that a traditional treatment is the one that assigns integer numerical values from 1 to 9 for each category, where the preference value of the given food is defined as the arithmetic mean of the values collected.
Fuzzy Hedonic Scale.
A fuzzy hedonic scale is defined as a hedonic scale that uses concepts of fuzzy numbers in its development. Fuzzy numbers were introduced by Zadeh [26] to deal with inaccurate numerical quantities in a practical way. A fuzzy number is a generalization of a real number in the sense that it does not refer to a single value, but to a range of values [27, 28] . e fuzzy numbers can be expressed through pertinence functions, which translate the degree of relevance of an element to a set. ese pertinence functions can be triangular, trapezoidal, bell-shaped, or mixed. In general, the characteristic functions of fuzzy numbers are expressed by a universe U and a particular element x ∈ U. e degree of pertinence μA (x) of a set A ⊆ U is given by a value in the range of (0, 1).
Fuzzy scales, in addition to treating data uncertainty, make it possible to assign continuous values to categories that are originally presented by discrete values.
Among the various forms of fuzzy numbers, the triangular form (Figure 1) is the most used [22, 27] . Triangular fuzzy numbers can be defined as a triplet (a, b, c) according to equation (1) . In this case, a and c are the lower and upper extreme values, respectively, and b represents the central value of each triangular fuzzy number:
On a fuzzy scale, two fuzzy numbers can overlap. e overlapping region characterizes the uncertainty of the responses in that numerical range [27, 28] . An overlap between two triangular numbers, (a, b, c) and (a 1 , b 1 , c 1 ), is shown in Figure 2 .
Some researchers have used fuzzy scales as a tool for analysis of food preference data. Examples of recent research in this format are studied by Azzurra et al. [29] , Hussain et al. [30] , and Osmar [31] . However, the choice of the scale used is not based on quantitative analysis, and the distances between the categories are not detailed, so the results obtained with the use of fuzzy scales are compared with other forms of data treatment.
Nonbalanced Hedonic Scale.
Linguistic labels on a hedonic scale of points are traditionally uniform and symmetrically distributed [32] . However, in many real-life situations, such as food preference, the imbalance of linguistic data arises because of the characteristics of the responses. In studies of this nature, the semantic labels of linguistic variables do not express psychologically uniform spacing. erefore, the distances between underlying categories must also be different [1, 9, 10] . Studies indicate that the behavior of responses in central and extreme categories is different from the behavior of responses in fine categories (intermediate). at is, it is not legitimate to affirm that the intensity of the categories of the extremes of the scale, such as "like extremely" and "like very much," is equivalent to the intensity of preference among other consecutive categories [6, 10, 14, 16, 33] . In this work, the integration of concepts of a scale with unequal intervals between the categories with the properties of a fuzzy scale hedonic scale is defined as fuzzy nonbalanced hedonic scale (F-NBHS).
Definition of Fuzzy Nonbalanced Hedonic Scale (F-NBHS)
Typically, data analysis of a set of information collected through a balanced hedonic scale of points is performed by 2 Journal of Food Quality assigning equidistant integer numerical values for each existing category in the scale. ese gross scores are then analyzed with statistical methods, and the estimates of the mean values represent the average degree of preference of the product to be evaluated. e proposal of this work is to define a nonbalanced scale using concepts of fuzzy numbers for food preference data analysis.
e selection of the fuzzy number type for the determination of this proposal was the triangular type, since it is a pertinence function of easy comprehension and treatment [27, 34] .
In this way, each existing category in the scale will be determined by a triangular fuzzy number or, to rephrase it, by a triplet (a, b, c) as shown in equation (1) . To construct the triangular numbers associated with each of the existing categories in the scale, two factors are necessary and indispensable:
(1) Definition of the central values of each category (values where the degree of relevance is 1) (2) Form of overlapping categories, that is, definition of the starting and ending points of each category (values where the degree of relevance is 0), which implies the determination of the numerical interval that each category will assume.
After defining the triangular fuzzy values for each category, data analysis is performed using the following mechanisms:
(a) Fuzzification of data: process of transforming input variables (linguistic variables) into fuzzy numbers [22] (b) Defuzzification of data: process of transforming the results of the fuzzification into a single real numerical value (crisp value e).
e defuzzification of the triangular fuzzy numbers is accomplished by means of equation (2) [35] :
where e is the crisp value of defuzzification of the triangular fuzzy number a, b, and c.
Definition of Central Values of the Categories.
Central values for each category (S n ) are defined in this study through a set of values (S t ):
Simplifying, we have
where t is the number of points/categories that the scale has; S n are the assigned labels for each category of the scale; n varies from − (k − 1) to +(k − 1) and represents the index of the labels for each category; k is a positive integer that represents the number of categories that exist between one extreme to the center of the scale, including the extreme and central category, and can be scaled by the following equation: It is defined by this equation that S 0 is the central value of the scale and that the centers of categories are defined by the labels S − (k− 1) and S (k− 1) , which are also the lower and upper limits of the scale.
Central values for each category will be a value between 1 and t, defined by the following:
In this way, the center of the extreme lower category will assume value 1 (the lowest possible value), the center of the upper extreme category will assume the value t (the highest possible value), and the center of the central category is exactly the central point between 1 and t. is equation differentiates the distances between the extreme and central categories of the intermediary. In other words, the scale defined by equation (6) proposes different psychometric distances to different areas in the scale.
For instance, in the 9-point scale, we have t � 9, k � 5, − 4 < n < 4. us,
e central values for each category in the 9-point fuzzy nonbalanced scale are shown in Table 1 .
Supplementary Material A shows the central values for fuzzy nonbalanced scales of 3, 5, 7, 11, and 13 points accordingly.
Equation (6) allows the variation of the central values for each category to other dimensions by multiplying a proportionality constant in each of the points in the scale.
Overlapping of Categories: Definition of Starting and
Ending Point for Each Category. On a classic triangular fuzzy balanced scale, normally each category starts at the center point of the category closest to the left and ends at the center of the closest category to the right. An example of this form of distribution is shown in Figure 3 .
Aiming to minimize the effects of extreme scale and the effects of central tendency that the data collected through hedonic scales of points present (Jones & urstone [36] , Moskowitz [9] , O'Mahony [13] , Schutz and Cardello [10], Ho, [1] , and Lim, [6] ), this work proposes to differentiate the overlap of categories according to their position on the scale. us, it was determined that the overlap of the intermediate categories will be defined differently from the overlap extreme and central categories.
For convenience, the starting and ending point of each category will be delimited by the center of a neighboring category. For the extreme and central categories, these points are determined in the center of the closest category, both to the right and to the left, as appropriate. For intermediate categories, the starting and ending point of each category will be delimited by the center of the second closest category.
is determination causes the overlap of the intermediate categories to be greater than the other regions of the scale. e fact that the overlapping area for intermediate categories is larger than the overlapping in other areas of the scale can be interpreted due to greater instability of the responses in these categories [10] . e central category, in turn, has a larger overlapping area than the extreme categories since they have overlap only on the right (for lower extreme category) and on the left (for upper extreme category). is proposes that the instability of the responses of the central category is greater than the responses of the extreme categories [10] .
In this proposal, it was defined that the overlap of intermediate categories should not exceed the extreme points of the scale (there are no categories after these values) and also should not exceed the central point (S 0 ) of the scale. is is in order that a response originally collected at dislike level is not associated with a level of dislike of a particular product. Table 2 shows the determination of the starting and ending point for all categories of a 9-point scale.
With the determinations of the central values and the definition of the starting and ending point of each category, it is possible to determine the triangular fuzzy numbers of the proposed fuzzy nonbalanced scale. Table 3 shows values of the triangular fuzzy numbers for a 9-point scale. e values used for data analysis will be the defuzzified values (equation (2)).
Supplementary Material B presents a table with fuzzy triangular numbers for fuzzy nonbalanced scales of 3, 5, 7, 11, and 13 points according to the proposed methodology. e representation of this proposal for a 9-point scale is presented in Figure 4 . e graphic representation of fuzzy triangular numbers of fuzzy nonbalanced scales with 3, 5, 7, 11, and 13 points, according to this proposal, is presented in Supplementary Material C.
is overlapping proposal interferes directly with the numerical range of coverage of the category. It is possible to perceive through Table 3 and Figure 4 that intermediate scales have area of greater coverage than other areas of the scale. is fact is also explained by the greater inaccuracy in the judgment of the responses that intermediate categories present in comparison to other areas of the scale [13, 14] . In addition, equation (6) in conjunction with the form of overlapping of the fuzzy numbers of this proposal establishes that the numerical distance of the values used for the representation of each category (defuzzified values) in the areas in two intermediate categories neighboring 4 Journal of Food Quality areas is smaller than when the closest neighbor is a scale of another area of the scale (central and extreme category). is can be explained by the fact that the perception intensity of respondents between two neighboring intermediate categories is closer than the intensity of perception between categories neighboring the central and extreme categories [10] . e validation of the proposed scale was performed by means of a food preference survey done within a Portuguese university, which will be presented in the following items. 
Upper extreme Sn � k + n 9.00
Validation of the Proposed Scale
3.1. Structure of the Proposed F-NBHS Scale. e structure of the F-NBHS scale proposed in this work aims to support the analysis of food preference data, considering the behavior of responses in researches of this nature. e proposed F-NBHS scale presents two differential points for the treatment of the data in relation to the traditional treatment that is normally used in data collected with hedonic scales:
(1) It uses asymmetric distances to determine the numerical values assigned in each category of the scale. is characteristic considers different psychometric distances between different areas of the scale. In this proposal, the distances between the numerical values attributed to neighboring intermediate categories are lower than distances between neighboring categories of other areas of the scale.
(2) It uses fuzzy number concepts with a larger overlapping area for intermediate categories than for overlapping of the extreme and central categories.
ese differential points of the proposed scale present qualitative justifications based on the existing literature and quantitative justification through a survey with food preference data collection.
A food preference survey conducted through Experiment 1 and Experiment 2 was used to validate the structure of the proposed scale. In total, 13345 responses were collected. Disregarding the invalid responses, 13022 were analyzed, as shown in Table 4 . e details of the experiments are presented in the following items.
Experiment 1.
An empirical research to collect food preference data was performed through a questionnaire. In this questionnaire, the participants answered questions about the degree of preference in relation to several foods. e data collection used a hedonic scale of 9 points as shown in Figure 5 . In addition to the categories present in the scale, participants had the option to answer that they did not know or had never tasted the food in question. e correspondence between the central value of each category and the linguistic variables presented to the participants is shown in Table 5 .
Participants.
e participants of this research were university students of the course of Integrated Masters in Engineering and Industrial Management of the University of Minho, Portugal. In this study, 119 participants were considered, of which 62.18% were female and 37.82% were male. e ages of the students varied between 18 and 34 years. 
Selection of the Foods at Composed the Research
Questionnaire. e foods were selected with the help of the nutritionist responsible for the food department of the University of Minho, based on the Food Composition Chart of Portugal [37] . ey were considered foods that could be present in the students' daily life, usually served in university restaurants in Portugal. A list of 77 foods was determined to be part of the test questionnaire. From the answers obtained in this preliminary questionnaire, 64 foods from 8 different food groups were defined for data collection (Table 6 ).
Analysis of Responses according to the Categories
Presented in the Scale. 7616 responses were collected at this stage. However, the responses marked with the option of not knowing food and with more than one or no category marked were not considered.
us, 7489 responses were analyzed (research data from Experiment 1 can be visualized in Supplementary Material D).
It is important to emphasize that, for this analysis, the preference of each food is not the main focus, but rather how the responses obtained by the participants act in relation to the regions of the scale. e graphs in Figures 6-13 show the results of the preferences for each food within its respective food group. e food groups were also analyzed separately, presenting as a result a single curve that represents the average of all responses of all foods belonging to their group.
e graph in Figure 14 shows the food preferences of all food groups and also shows the behavior of responses in relation to the categories for all foods analyzed. Table 7 presents the general average behavior of all foods, addressing all the responses analyzed. is analysis allows knowing how the subjects use the scale areas in a general way. e data indicates that the positive area of the scale (like food) is used more frequently than the integration of the negative part of the scale (dislike food) and neutral category. It was found that 56 foods (87.5%) showed a higher frequency in the positive part of the scale, and only 8 (12.5%), the less preferred ones, used the lower area of the scale more frequently.
Considering all the points of the scale, the category "like very much" was the most used point in the scale, and the least used point in the scale was "dislike moderately".
In the negative area of the scale, the category "dislike extremely" is the most used point and the category "dislike moderately" is the least used point. In the positive part of the scale, the category "like very much" was the most used point Dismissed  Experiment 1  119  64  7616  7489  127  1st reapplication  82  27  2214  2183  31  Experiment 2  2nd reapplication  95  37  3515  3350  165 and "like slightly" was less used. Considering all the foods studied, the neutral category (neither like nor dislike) is used with a frequency very close to the frequency at the lower extremity (6.49% and 6.30%, respectively). ese data partially contradict what some authors talk about, the underutilization of fine categories [10, 14] , especially in the positive part of the scale. Since the most used point of the scale is an intermediate category, however, in response levels of disliked food, the underutilization of fine categories is observed. at is, this means that except for the category "like very much," the intermediate categories, analyzed individually, are less used than the extreme and central categories. However, it is possible to perceive that the intensity of choices in the areas of the scale is distinct.
is refers to the possibility of asymmetric analysis of the distances between the categories of the scale, agreeing with other studies that point to these characteristics [10, 14] . It is possible to build a relationship between the frequency of responses and their closest neighboring categories. It is generally perceived that the frequency difference is lower when two intermediate categories are neighboring than when an intermediate category is the closest to a central category or an extreme category, except for the intermediate category, "like very much" and "like slightly." is can be related to the numerical differences of the values assigned to each of the categories, where the values are closer between neighboring intermediate categories than in other neighboring categories.
A study on the comparison of preference data was performed to analyze the variability of responses and to indicate the areas of the scale that present greater instability at the time of choice by the participants. is analysis is detailed in the next experiment.
Experiment 2.
e repeatability of the responses was analyzed through the reapplication of the questionnaire at different times, with distinct application intervals. e responses of each respondent collected in the reapplications are compared with the responses of the same participant in Experiment 1. e first reapplication of the questionnaire Journal of Food Quality was performed with an interval of one week after the first experiment. e second reapplication was performed with a two-week interval. e reapplications were performed using the same form of data collection from Experiment 1, that is, through a scale of 9 points with categories that ranged from "dislike extremely" to "like extremely," which are symmetrical in relation to the center, containing as central category a neutral point, "neither like nor dislike." e order of the foods presented in the questionnaire of Experiment 1 was altered in the reapplications so that the respondents do not fix their answers in the orders defined the first time they answered the questionnaire. 
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First Reapplication: A Week after the First Experiment.
In this stage, 82 respondents who also participated in Experiment 1 defined their degree of preference in relation to food from 4 food groups, desserts, meats, cereals, and fruits, with a total of 27 foods analyzed (as shown in Table 4 ). In this stage, 2214 responses were collected. Disregarding the invalid responses, 2183 opinions were analyzed (the data in this experiment are presented in Supplementary Material E). e comparison between the responses of 82 respondents who participated in Experiment 1 and the first reapplication is shown in Figure 15 . e focus of this analysis was not the preference of each food by itself, but it was to perceive how the participants define their responses according to the answers chosen in the previous week. e normality of the data of both applications was analyzed by the Shapiro-Wilk test, which showed that both responses of Experiment 1 and the first reapplication did not present a normal distribution. Data correlation analysis was performed using the Spearman test and the results showed that there is a strong correlation (0.814) between the two data sets (p > 0.01).
It can be seen from Figure 15 that the behavior of the data for both the first reapplication and Experiment 1 has the same characteristics in relation to the perception of food preference. However, a deeper analysis of the variation of responses according to each category of the scale provides a more insightful analysis of which categories do the respondents have the most instability in their choices.
To verify in which regions of the scale the respondents most diverge their answers, an analysis of the variability of the responses was performed according to the scale categories. e graphs in Figure 16 show how respondents make their choices in the first reapplication compared to the responses obtained in Experiment 1. It is possible to notice that the intermediate categories present flatter curves than extreme categories. is represents a greater instability in the participants' response in these areas, while in the extreme categories, the graphs show a much higher peak, which means that more students confirm their response more accurately by voting in extreme categories; that is, instability at these points is lower than in other areas of the scale. e data showed that 56.02% of the subjects voted for the same category in both stages; 88.22% of the subjects vote for the same categories or the neighboring category; that is, they is analysis considers the distances between the categories both to the right and to the left. It is possible to perceive that the categories on the negative side of the scale (dislike) have greater variability of responses than the categories on the positive side. It was possible to perceive through these results that the variability of the responses in the intermediate categories is higher than the extreme categories. It was also observed that the categories that present higher variability are the categories "dislike moderately" and "dislike slightly" which in turn are the less used categories. On the other hand, the categories most commonly used are the categories with less variability ("like very much" and "like extremely"). at is, these data show that when respondents perceive that their grades of like and dislike of a given food fall under an intermediate category, they present greater uncertainty in their responses compared to when they perceive that their degrees of like and dislike of a given food falls under one of the two extreme categories or the central category of the scale. is can be related to overlapping responses of the categories. at is, the overlap of the intermediate categories is greater than the overlap of the responses of the categories of other scale areas.
Second Reapplication: Two Weeks after First
Experiment. In this stage of application of the questionnaire, Figure 17 : Comparison between the responses of Experiment 1 and the second reapplication. to food from 4 food groups: legumes, fish, vegetables, and compound dishes, with a total of 37 foods analyzed. In this stage, 3515 responses were collected. Disregarding the invalid responses, 3350 opinions were analyzed (the data in this experiment are presented in Supplementary Material F). e same analysis mechanisms performed in the previous item were performed to compare the responses with a 2week interval of difference in the first experiment. e comparison between the responses obtained in Experiment 1 and in the second reapplication was performed ( Figure 17 ). In this stage, it is possible to perceive a greater sensitivity in the variation of the data, but the categories and the most and least voted category orders are maintained. e normality of the data of both applications was analyzed by the Shapiro-Wilk test. e test presented, as a result, that both responses of Experiment 1 and the second reapplication do not present a normal distribution. Data correlation analysis was performed using the Spearman test and the results showed that there is a strong correlation (0.821) between the two pieces of data (p > 0.01). An analysis of the variability of the responses was also performed according to the scale categories. e graphs in Figure 18 show how the respondents voted in the 2nd reapplication compared to the responses obtained in Experiment 1. e data showed that 45.55% of the subjects chose the same category in both stages; 82.09% vary their responses in up to one category of distance from their initial response; 93.31% vary their responses in up to 2 categories of distance; and 96.78% vary their responses in up to 3 categories. is analysis considers distances between the categories both to the right and to the left.
From the graph in Figure 18 , it was possible to perceive that the variability of the responses in the intermediate categories is higher than the extreme categories. ese data reaffirm that the most used categories have a lower variability and the less used categories have a higher variability.
is fact demonstrates that regardless of the time of reapplication of the questionnaire, the variability of the data is higher in intermediate categories than in the categories of other areas of the scale. Reaffirming the definition of overlapping categories in the proposed scale, ss in the first reapplication, it is possible to notice flattening of curves in intermediate categories and more pronounced peaks in extreme categories.
Analysis of Experimental Data: Comparison between F-NBHS and Traditional Treatment
3.4.1. Procedure. e food preference data of Experiment 1 were analyzed using the F-NBHS scale and compared with a traditional treatment. It is judged in this comparison that a traditional treatment is one that assigns integer numerical values from 1 to 9 for each category. And then the preference values of the given food is defined as the arithmetic mean of the values collected. For the F-NBHS scale, the average scores of food preference are given by the average defuzzified values of each food. e verification of normality of the data was performed by Kolmogorov-Smirnov tests, both for the set of data traditionally treated and for treatment using F-NBHS. e data dispersion was analyzed with standard deviation and is index is indicated for the analysis of data obtained with scales where no equal intervals are implied [21, 22] :
with I c (x) being the consensus index, x i being an i-level response, p i being the proportion of the sample whose response is at level i, d x being the difference between the maximum and the minimum for a response, and μ x being the mean opinion for all samples. I c (x) ranges from 0 to 1. If the results are close to 1, that means that the data are scattered and sparse; on the contrary, if the results are close to 0, it indicates that the responses have high dispersion.
Wilcoxon tests with 95% confidence (p < 0.05) were used to analyze the significant difference between the average scores of the food preferences. ese statistical tests were performed, analyzing the scales pairwise, through the software IBM SPSS Statistics ® , version 24.
Food Preference
Results. Average food preference scores, consensus index data, and standard deviation values for the scales analyzed were determined for the 64 foods studied. Table 8 presents the results obtained.
e Wilcoxon test was performed by comparing the scales in each of the studied foods. is test aimed to verify if the average scores of food preference showed significant difference between the scales studied. e results presented in Table 8 show that there is a significant difference in 70.32% of the analyzed foods.
In the analyses performed by the four scales studied, normality tests indicated that, in all foods, the data studied originate from a nonnormal distribution.
Analyses were also made in relation to the food preferences ranking, both within each food group and in relation to the set of all foods analyzed (Tables 9 and 10, respectively). It was observed that the position in the ranking of food preference was maintained in 49 foods (76.56%) regardless of the scale used. In the cases where there was a difference between the positions, there were permutations in underlying positions, without major changes in the rating rankings. is indicates that, regardless of the scale used, the food preference order is maintained. e results show that the 4 most preferred and 10 less preferred foods are equivalent to the preferred ranking position, without being affected by the scale used. However, among the first 20 foods most appreciated, all foods appear between the 1st and 20th position of the ranking. e same applies for the 20 least preferred foods.
When analyzing the deviations of the means of the two scales, it was verified that 100% of the food presented smaller standard deviation results simultaneously with a higher consensus index. Considering that the input data of both scales were the same, it can be considered that the F-NBHS has a higher level of efficiency compared to the traditional scale.
ese results corroborate the studies presented by Schutz and Cardello [10] , Dai et al. [38] , and Xu [32] , who state that the analyses of the data processed by nonbalanced scales are more accurate compared to scales with symmetrically distributed categories.
Conclusions
e purpose of this study was to present a new method for the treatment of food preference data collected with hedonic points scales. e proposed treatment is presented using an asymmetric scale that employs concepts of fuzzy numbers for data analysis. e proposed scale aims to improve the limitations presented by a traditional treatment in data collected with a hedonic scale of points, especially regarding the symmetrical distribution between categories and the inaccuracy that data of this nature involves.
e proposed F-NBHS scale presents two differential points for the treatment of the data in relation to the traditional treatment that is normally used. e first point is that asymmetric distances are used to determine the assigned numerical values in each category of the scale; this characteristic considers different psychometric distances between different areas of the scale. In this proposal, the distances between the numerical values attributed to neighboring intermediate categories are lower than distances between neighboring categories of other areas of the scale. e second point is that fuzzy number concepts are used with a larger overlap area for intermediate categories than for overlapping of the extreme and central categories.
e proposed scale was validated through a food preference survey conducted at a Portuguese university. A set of 64 foods, divided into 8 food groups, was evaluated by 119 students in two experiments. is experimental study evaluated 13345 responses; 13022 of them were valid responses for analysis. e first experiment analyzed the behavior of responses according to the categories existing in the scale, aiming to relate the intensity of the perception of responses of each category according to the scale area. e second experiment analyzed the repeatability of the responses and analyzed which categories presented greater variability of the data. e experimental data confirmed the structure of the proposed scale on a scale with 9 points. Despite the wide variety of foods used for this analysis and the large volume of responses analyzed, these results can be intrinsic to the evaluated foods and to the group of participants who answered the questionnaire. An analysis with other foods, with another group of individuals, is the target of future work to confirm the scale structure in scales with different numbers of points.
When using the F-NBHS scale for data treatment compared to a traditional treatment, the results obtained show that the data analyzed by F-NBHS were more robust in relation to standard deviations and consensus index than the scales for the traditional treatment. In this way, the fuzzy nonbalanced hedonic scale is indicated as a new, more efficient, and robust proposal in terms of scale structure and data consistency for food preference data treatment compared to a traditional treatment.
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